The distribution of myoepithelium and smooth muscle in the lactating mammary gland of the goat has been examined by a new technique of silver impregnation which is applicable to sections up to 100/4 in thickness. Myoepithelium covers the stromal surface of the epithelium of the alveoli, ducts and cisterns of the entire gland, and is thus much more abundant than is generally realized. Smooth muscle forms scattered inter-lobular bundles closely associated with the blood vessels. The theory that myoepithelial contraction is the principal factor con cerned with 6 let-down' and the ejection of milk is examined; other factors such as inter-lobular smooth muscle contraction, vascular changes, and elastic recoil of the stroma appear to play minor roles, if any, in this phenomenon. Hitherto, it has been assumed that myoepithelial cells are contractile because they bear structural resemblances to smooth muscle fibres. With the new technique structural changes have been found in the myoepithelium of contracted as compared with distended alveoli and ducts. These changes, together with the general orientation of myoepithelial cells, and the precise relationship between these cells and the folds in the secretory epithelium from contracted glands, are consistent with the assumption that myoepithelium is the contractile tissue in the mamma which responds to a neurohormonal mechanism involving oxytocin.
In recent years there has been renewed attention to the mechanism by which milk is removed from the mamma in response to suckling, or artificial hand-or machine milking. The secretion is held by capillary attraction in the alveoli and fine branches of the duct system and some contractile force appears to be indispensable for efficient emptying of the glandular tissue. Suction or manual compression will remove milk stored in the larger ducts and cisterns, but cannot withdraw the large proportion of the total milk-yield confined within the glandular lobules.
Evidence of the presence of actively contractile tissue comes from two main sources. There is firstly the sudden rise in milk-pressure which occurs within an udder a t the time of milking (Tgetgel 1926) , a pressure in the cow of about 25 mm. Hg; this is evoked by sensory stimulation of the teat, or even through auditory or visual pathways. As yet, no generally agreed scientific term has been adopted for describing this phenomenon: the animal is said to 'let-down5 its milk. Secondly there is the well known response of the mammary gland to posteriorpituitary extracts which, on injection into the intact animal, or perfused through the isolated organ, cause a strong contraction sufficient to eject the milk from the teat. A critical survey of the experimental evidence and its interpretation appears in the recent review by Folley (1947) .
I t is sufficient to mention here th at 'let-down5 has been regarded in the past either as a purely nervous reflex acting upon smooth muscle in the mammary stroma (Gaines 1915) , or a vascular reflex leading to 'erection5 of the udder tissues
[ 30 ] (Hammond 1936) . More recently Ely & Petersen (1939 have suggested th at a neuro-hormonal mechanism involving oxytocin more closely fits the experimental evidence they obtained in the intact animal; evidence which was later to be confirmed by Petersen & Ludwick (1942) in experiments on the isolated organ. With all these theories there is confusion as to the identity and location of the possible varieties of contractile tissue in the mamma. The problem is complicated by the presence of true smooth muscle in the stroma and of myoepithelium in the walls of the alveoli and ducts. In some accounts there has been a tendency to ignore the histological distinction between these two components, as though the term smooth muscle will suffice to describe contractile tissue wherever it may be located. Unfortunately the term myoepithelium means little more than a collection of cells of epithelial origin which have some of the structural appearances of smooth muscle. Their contractile function has been assumed, not proved, probably because they happen to be so much less accessible to experimentation than smooth muscle; much less so than the various types of cells found on the walls of capillaries.
The present paper describes the myoepithelium and smooth muscle in the goat mammary gland. These cells have been outlined by a new technique, which shows more adequately than previous methods the great quantity of myoepithelium present in the lactating gland, and its orientation with respect to the different parts of the mammary lobule. On the assumption th at myoepithelium is a contractile tissue, comparisons have been made between the structural appearances of these cells in material containing alveoli and ducts fixed in a state of distension, and while collapsed following withdrawal of the secretion.
M a t e r i a l a n d m e t h o d s
The material available for this investigation was from four British Saanen goats in full lactation following a normal pregnancy. In fixing the mamma for histological examination, it was essential as far as possible to preserve the glandular alveoli and ducts in a state of distension or collapse produced respectively by allowing the gland to remain unmilked for the previous 24 hours, or by milking it out as com pletely as possible just before fixation. If a distended gland is cut into small blocks before fixation it collapses, and the alveoli become distorted and irregular. Fortunately each half of the goat's udder is supplied by a separate single artery (external pudic) and these arteries offer the most favourable conditions for a com plete perfusion with fixative of the two glands of the udder. After a short washing out with normal saline containing a trace of sodium nitrite, the fixative was perfused until it flowed from the two main veins draining the gland. Then the whole gland, with its teat and cisterns intact, was immersed in fixative, taking care to seal up any small accidental perforations leaking milk from the cisterns. After several days' immersion in fixative, the gland was sliced horizontally into slabs 2 cm. thick. The uncoagulated milk was washed off with tap water, and the tissue exposed to the fixative for a further period, or stored in 10 % formol-saline. Fixation with Zenker-formol was chosen for routine examination because it carried the advantage th at small blocks could be isolated for subsequent osmic impregnation of fats by the method of Hoerr (1936) .
A special technique was devised for silver impregnation of myoepithelium and smooth muscle in thick sections. This was discovered accidentally while experi menting with suitable methods of nerve impregnation in the lactating gland. The technique, as used, is probably unnecessarily elaborate, and should bear modification and improvement, particularly with respect to simplification of the initial fixing solution. The method is best described in the following stages: The whole gland is immersed in the fixative for 2 to 3 days, then cut into slabs and stored in the fixative for a further period of 1 to 4 weeks.
2. Small blocks cut from the surface of a slab are washed in running water over night.
3. Frozen sections are cut a t 50 to 100/4 without preliminary soaking of the tissue in gum or gelatine. A thickness of 75/4 was suitable for showing large clusters of alveoli mainly in surface view and in continuity with intra-lobular ducts.
4. The sections are collected direct from the knife into an acetate buffer solution made from n /10 NaOH and n /1 0 acetic acid at pH 5-2 to 5*4.
After transferring the sections through several dishes containing fresh buffer, in which it was found th a t they could remain as long as over-night if required, they are carried through a variant of the Cajal method for frozen sections (see McClung, 1937)-5. Transfer sections from buffer solution in to :
10 % aq. silver nitrate 3 ml. dist. water 5 ml. abs. ethyl alcohol 0*5 ml. pyridine (pure) 4 drops (50 drops = 1 ml.)
The above components of the silver bath are set out in this way to facilitate variation of their concentrations for individual batches of sections, if required.
The sections are placed immediately in an incubator a t 55° C for 10 min.
6. Rinse individual sections for 5 sec. in abs. ethyl alcohol. The same bath can be used for a dozen or more sections.
7. Reduce in: hydroquinone 0*3 g. neutral commercial formalin 30 ml. dist. water 70 ml.
8. Wash in dist. water, and fix in 5 % aq. hypo.
9. Attach the sections to gelatinized slides, using formalin vapour, dehydrate, and mount in Canada balsam.
As with all methods of silver impregnation, it is useful to record some of the vagaries of the technique encountered in its use. The method is not unduly capricious because it has been repeated on four glands, each being fixed and carried through on different occasions. I t would require careful investigation, however, with numerous variations of the method to establish precisely how the various stages in the method could be simplified, or more accurately controlled. The following points seem worth recording. Fixation for periods over one week intensifies the silver staining of the entire section but does not abolish the relative specificity for myoepithelium. Prompt treatm ent with hypo is necessary to stop the reduction of silver in over-fixed m aterial; this is better than toning the section with gold chloride. Under-fixed material does not give the reaction, however one may attem pt to modify the silver impregnation. The concentrations of silver and alcohol in the impregnating bath are not critical. If the pyridine is impure its concentration may have to be increased from 4 drops to as much as 1 ml. W hatever modification of the impregnating solution and reducer was tested it was clear th a t the specificity of the reaction for myoepithelium is conditioned above all by the transition of the section from an acid medium into the alkaline silver bath. No experiments were carried out on material with different initial fixation except for one specimen fixed in simple formalin in which the reaction failed entirely. Post-mortem human lactating breast, fixed by immersion in Weber's fluid, gave some indication th a t the reaction would be successful but insufficient material has so far been available to achieve results comparable with those from the goat glands.
O b s e r v a t i o n s
The identification of myoepithelium in thin sections by routine staining.
I t is proposed to confine the term myoepithelium to elongated cells lying in close contact with the epithelium of the ducts and alveoli of the lactating gland. The immature stages of these cells, which in the opinion of Benda (1894) , Retterer & Lelievre (1911) and most other histologists can be traced back through the growth phases during pregnancy to the outer layer of cuboidal epithelium on the ducts of the resting gland, are potential myoepithelium, but such cells are unlikely to be contractile whatever other functions they may possess. Typical smooth muscle exists in bundles surrounded by connective tissue in the stroma, or in its usual location in the walls of blood vessels. Whether such an arbitrary separation is justified, on grounds other than derivation from ectoderm or mesoderm, will depend ultimately on whether separate activities in response to hormonal or nervous stimulation can be ascribed to the two-varieties of cells.
Thin sections of lactating gland, fixed in Zenker-formol while distended with milk, and stained with Heidenhain's iron haematoxylin and orange-G-erythrosin, show elongated cells arranged at intervals over the stromal surface of the alveoli and ducts. Some are spindle-shaped, others show branching processes extending § from a central cell-body containing the nucleus, but only a hazy idea of the shape of these cells can be obtained from thin sections. Thus in longitudinal section (figure 1, plate 1) the nucleus is easily distinguished as being paler and larger than the nuclei of the secretory epithelial cells. Processes of the cell can be traced for some distance in contact with the epithelium, because their cytoplasm is acidophil in contrast to the basophil cytoplasm of the secretory cells. A faint longitudinal striation has been observed. In tangential section the central areas of the cells stand out in contrast to the mosaic of underlying secretory cells (figure 3, plate 1). When cut transversely the processes of the myoepithelial cells can be identified as small oval or triangular areas (figure 2, plate 1), not only in contact with the secretory epithelium but actually indenting individual cells so th at in places the myoepithelial process appears to be partly surrounded by prolongations of the basophil cytoplasm of the secretory cells. The endothelium of blood capillaries, dilated by perfusion with the fixative, is separated from the alveolar wall by sparse areas of connective tissue, and there can be no question of confusing endothelium, fibroblasts or reticular fibres with the myoepithelial cells.
I t will be realized th at there is considerable difficulty in outlining these cells with greater precision in the lactating gland in a collapsible tissue full of secretion, or of studying them in the living state, or testing them for birefringence, localization of enzymes, and other cytological characters. Their cross-sectional area is minute. A wax model was constructed from serial 5/* collodion-paraffin sections of a strip of alveolar epithelium with transversely sectioned myoepithelial cells to check up some finer details. This showed th at the ends of the main processes of the cells branched into minute terminal endings approaching l/i in thickness. Contact between the processes of separate cells occurred within the thickness of a single section, but it was impossible to establish whether the cells formed a true syncytial network. <
K. C. Richardson

Orientation and distribution of myoepithelium as seen in t h i c k, silver-impregnated sections.
The method of silver impregnation outlines the myoepithelium in sections up to 100/* in thickness (figure 4, plate 2), whereas aniline dyes fail to differentiate these cells in similar sections owing to the great staining intensity of the secretory epithelium and stroma. In using silver there was always the danger of confusion with connective tissue fibres (figure 14, plate 3), but it was found th at the technique could be adjusted to give fairly sharply outlined myoepithelial cells showing pale nuclei, exactly comparable in size and position with those already observed in the routine preparations. Moreover, smooth muscle fibres in blood vessels were stained to about the same intensity (figure 7, plate 2), leaving the connective tissue stroma clear, a t least in the areas immediately adjacent to the alveolar walls. In some variants of the technique only the blood capillaries were stained in addition to the mammary epithelium. These preparations provided a check on the vascular net works, which are quite unlike the myoepithelium in the pattern they form on the alveolar walls (figure 13, plate 3). While the identification of the silver-stained cells as myoepithelium is beyond doubt, it must be admitted th at the impregnation is granular, and there is some doubt whether the finer processes of the cells are reliably shown (figure 12, plate 3). The silver technique gives an impression of the distribu tion and orientation of these cells rather than providing details of their minute structure.
The myoepithelium is invariably longitudinal in arrangement on the walls of the intra-lobular ducts (figure 6, plate 2). At the point of junction with alveoli, which in the mammary gland is indistinct as far as the lining epithelium is concerned, the myoepithelial cells sweep across onto the alveolar wall without discontinuity. The orientation of the alveolar myoepithelium is distinctly longitudinal in the larger alveoli, which are usually pear-shaped. A few irregularly disposed cells are located a t the blind ends of these alveoli. The smaller, more spherical alveoli are surrounded by whorls of myoepithelium of somewhat confused pattern.
There is a lining epithelium usually two cells in thickness forming the walls of the inter-lobular ducts and cisterns. In these regions it was more difficult to obtain clear-cut impregnation of myoepithelium, possibly because the underlying con nective tissue was denser. The best preparations were from a distended gland. These showed th at the duct system and cisterns have a myoepithelial layer, if anything slightly denser than th at on the alveoli (figures 9 and 10, plate 3), and sufficient sections were available to. conclude th a t the entire duct and cistern epithelium is probably covered with these cells. In the contracted ducts the epithelium is thick and folded making the identification of myoepithelium less precise owing to possible confusion with reticular fibres (figure 11, plate 3).
Smooth muscle
Bundles of smooth muscle were scattered irregularly in the connective tissue septa between the lobules (figure 8, plate 2). They were usually surrounded with areas of collagen, and rarely came into contact with the marginal alveoli of a lobule. The outer capsule of the gland, in continuity with the overlying skin, lacked smooth muscle almost entirely. Within the lobules there was no smooth muscle interspersed between the alveoli or following the course of the intra-lobular ducts; nor had the larger ducts any muscular coat or sphincters. I t was somewhat surprising to find how sparse the smooth muscle was in association with the walls of the cisterns. Figure 9 , for instance, shows no muscle bundles a t the entrance of a duct into a cistern, nor in the wall of the cistern itself. The greatest concentration of smooth muscle was often found in close contact with the major blood vessels. The veins in particular were surrounded by a palisade of muscle bundles coursing longitudinally with each vessel; in places the smooth muscle fibres in the wall of a vein splayed out to mingle with the inter-lobular bundles. I t was clear from examination of sections at numerous levels in the glands th at the total concentration of smooth muscle was altogether too slight, and its distribution too irregular, for it to play a major role in squeezing the milk from the alveoli into the duct system.
The appearance of myoepithelium in distended and in contracted alveoli
If it is assumed that myoepithelial cells are the important contractile elements of the mammary lobules it is reasonable to suppose th at they will become passively Contractile tissues in the mammary gland stretched out on the alveolar walls during the phase of distension, when milk is being secreted into the alveoli. Figure 5 , plate 2, of a large alveolus shows how elongated these cells can actually become. Then, a t the moment of 'let-down' the cells should develop.a state of tension so that, when sufficient milk is removed from the cisterns, the secretion in the alveoli and ducts is pressed along to take its place. I t seems essential, if there is to be maximum evacuation of the stored m ilk from the lobular tissue, th a t the contraction phase of the myoepithelium should persist until the alveoli are completely collapsed. Any structural change in the myoepithelium occurring as the result of contraction would hardly be detectable in the initial phase of tension at the onset of 'let-down'. All th at could reasonably be expected would be to see a shortening and thickening of the cells at the end-point of contraction, when the alveoli were empty, and to find th at the contractile cells remained taut, and bore some intelligible relationship to the folds produced in the alveolar epithelium.
To test these assumptions, the following experiments were undertaken: (а) A gland was removed from a goat while distended full of milk, the teat cannulated, and a water manometer connected to measure the milk-pressure within the cisterns. Perfusion through the artery with saline, and then with fixative, caused no rise in milk-pressure if the perfusion was carried out at low pressures. Higher pressures, equivalent to about four times the normal blood pressure, gave a rise of about 1 cm. of milk-pressure. I t was concluded th at fixation by perfusion did not cause any appreciable contraction in the mammary tissue comparable with th a t which occurs diming 'let-down'.
(б) A comparison was now made between the histological appearance of one half of an udder fixed in a state of maximum distension, and the remaining half from the same goat, milked out as completely as possible before fixation. The practice of previous workers has been to isolate small blocks of lactating mammary gland for immersion in fixative, which inevitably leads to collapse and distortion. No attem pt appears to have been made to carry out the above simple experiment, and so to examine the structural changes occurring in alveoli under reasonably controlled conditions in the same animal. However, the experiments of Schafer (1915) on the cat amount to much the same thing. He showed th at pituitrin produced a collapsed state of the alveoli of an individual gland with an excised nipple, whereas the adjacent glands with intact nipples remained distended.
The main conclusions from the goat material (figures 15 and 17, plate 4) were th a t the lobules shrink as a whole when the gland is emptied by milking, and the inter-lobular septa are widened to the extent of being easily visible to the naked eye in a large horizontal section through the complete gland. The alveolar epithelium thickens about three-fold, its cells becoming columnar in shape and projecting irregularly into the lumen. The alveolar walls often become wrinkled, particularly in the larger alveoli, which become very elongated with a cleft-like lumen. Smaller alveoli remain approximately spherical. The ducts remain open but they are much narrower than in the distended gland with at all times a complete continuity of lumen between the ducts and the cisterns. The contracted ducts have thicker and more folded walls.
The myoepithelium as seen in thick, silver-impregnated sections from a distended and a collapsed gland
There is considerable variation in the shapes and sizes of myoepithelial cells covering the alveoli in any particular lobule, whether distended or contracted. If all the cells were uniformly spindle-shaped it would not be difficult to measure them, and so to detect a shortening and thickening in the contracted state. Examination of a large number of sections from distended and contracted material showed that the cells on the whole were more elongated on distended alveoli, and more branched and star-shaped on contracted ones ( figures 16 and 18, plate 4) . The number of branching processes appeared considerably greater in the contracted gland. However, for reasons which will be discussed later, it was not considered practicable to undertake detailed measurement of the cells in the two glands.
Contractile tissues in the mammary gland
A C The precise relationships between myoepithelial cells and folds in the contracted alveolar epithelium offer perhaps the clearest indication th at myoepithelial con traction does take place. I t is difficult to visualize in three dimensions how the contractions of several elongated cells might combine to produce a fold of irregular shape in a particular part of an alveolar wall. Suppose, however, a strip of epithelium ( figure 19A ) is thrown into two fairly sharp, parallel folds. I t was found quite consistently in the sections from the contracted gland, th at the myoepithelium was cut transversely or obliquely in such areas, with the pointed ends of individual cells reaching up into the crests of the folds. This indicated th at the deep folds were associated with myoepithelial cells orientated parallel to the fold, or converging obliquely towards its margins. Figure 19 B shows an entire cross-section of an alveolus with the lower part of the wall cut obliquely in surface view. There are three folds showing this longitudinal orientation of the myoepithelium. Note on the right a long strip of unfolded epithelium accompanied by longitudinally cut, tautly stretched myoepithelium. At the top the cells are again cut transversely and obliquely in association with two more folds. Such relationships were frequently Duct activity influenced by-1, smooth muscle sphincters; 2, longitudinal smooth muscle shortening ducts or producing peristalsis; 3, myoepithelium; 4, reservoirs in large ducts, or cisterns; 5 vasodilatation pressing on ducts or reservoirs; 6, vasoconstriction shortening inter-lobular vessels and squeezing adjacent ducts; 7, secretion from duct epithelium.
Lobule activity influenced by-8, smooth muscle bundles in inter-lobular septa squeezing lobules as a whole; 9, smooth muscle interspersed between alveoli; 10, vasodilatation or vasoconstriction affecting alveoli mechanically; 11, myoepithelium; 12, elastic fibre recoil in stroma when pressure in distended alveoli is released; 13, nervous stimuli to secretory epithelium and smooth muscle; 14, hormonal stimuli to epithelium. observed in the larger alveoli and ducts of the contracted material. On the other hand if myoepithelial cells are non-contractile, like fibroblasts, in some of the folds a t least one would expect to find a relationship similar to figure 19C , where the cell is cut longitudinally, with its processes bent in a passive manner to follow the contours of the fold. Seen in surface view in a section through a complete alveolus ( figure 19D ) such cells would be wavy in outline as they lay across the folds. They were never like this. In fact all the myoepithelial cells shown in figures C and D are arranged in a direction contrary to th at found in the actual material. The cells do not, for instance, lose contact with the alveolar epithelium to bridge across the margins of a fold ( figure 19D) , which is what one would expect if contraction of a cell orientated at right angles to the axis of a fold actually occurred. The myo epithelium is tautly contracted on the collapsed alveoli, or stretched out into very elongated cells on distended alveoli. I t never loses contact at any point with the surface of the alveolar epithelium when contraction occurs. Folds in this epithelium follow the direction of the main processes of the myoepithelial cells.
D i s c u s s i o n
The factors which are known, or supposed on experimental grounds, to influence the flow of secretion from exocrine glands in general may be summarized in a diagram (figure 20). I t will be convenient to examine these factors not only in regard to the mamma but also in the other glands in which myoepithelium has been identified. There is a broad distinction between activity associated with the main ducts, and activity occurring at the site of the secretory units.
The sweat gland consists of a coiled secretory tubule, overlaid with regular longitudinal myoepithelium, and interspersed with a considerable vascular plexus. There is no smooth muscle immediately related to the tubule. The duct seems inert since it lacks smooth muscle or myoepithelium. Cannulation of a single sweat duct of the human skin with a capillary glass tube, according to Yen (1924) and Takahara (1934) , shows th at the secretion rises and falls as though it were being pumped in a rhythmical fashion from the gland. Buley (1938) failed to repeat the remarkable feat of cannulation but, by putting a finger in a closed chamber with adjustable humidity, he saw under the microscope an ebb and flow of sweat as it emerged from individual pores. Since sweating occurs in blanched as well as flushed skin, vascular effects are unlikely to influence the manner in which the secretion emerges from a duct. Assuming th at the secretory and duct epithelia are themselves noncontractile, there are left as factors influencing the flow of secretion only the secretory response of the epithelium and a contractile activity on the part of the myoepithelium. In denervated tubules secretion can be restored by drugs like pilocarpine, but we lack information as to whether the pumping activity is also retained. Boeke (1934) has provided illustrations of supposed innervation of secretory epithelium, myoepithelium and capillary endothelium in sweat glands. Unfortunately the fibres he identifies form an unintelligible network in which it is impossible to distinguish any clear-cut pathways for separate innervation of myoepithelium. Thus there is a strong presumption th at the myoepithelium of sweat tubules functions as a contractile tissue, but we are ignorant of its co-ordination and control.
Conditions in the salivary glands are more complex and have been investigated in much greater detail. Babkin (1944) reviews the evidence which suggests th at myoepithelium, or basket cells as they are called in the salivary glands, is concerned with sudden, forcible flow of saliva occurring, for instance, in the case of augmented sympathetic-after-chorda secretion. The salivary glands contain no smooth muscle apart from that associated with blood vessels, so we are dealing structurally (figure 20) with secretory epithelium stimulated by secretory nerve fibres, basket cells, blood vessels in the lobules and in proximity to ducts, and feeble dilatation of some of the main ducts which may function as reservoirs. Considering these components in detail, it is largely by elimination th at Babkin comes to the conclusion th a t augmented sympathetic-after-ehorda secretion can only be explained on the basis of myoepithelial or basket cell contraction. The response is obtained after section of the cervical vago-sympathetic trunk which, it is claimed, leads to degeneration after 3 days of the vasoconstrictor and secretory fibres supplying the glands. The intact fibres must presumably end on the basket cells. Here it is necessary to assume not only th at the myoepithelium is contractile, but th at it is innervated by fibres distinct from those of vasomotor and secretory function, for which structural proof is lacking, though such proof would be only of incidental importance if the physiological evidence were more complete. The salivary gland basket cells are difficult to stain, and structural changes following a supposed contraction do not appear to have been looked for in appropriate experimental material. I t is doubtful, of course, whether the small fluctuations in size of the salivary acinus during distension or contraction would be accompanied by any detectable change in the shape or size of the basket cells. No experimental evidence implying a contractile function for myoepithelium in the lachrymal or ceruminous glands has been found in the literature.
The tissues concerned with 'let-down' in the mammary gland, as will have been realized, are narrowed down to the inter-lobular smooth muscle bundles, the blood vessels and the myoepithelium. There are no sphincters in the duct system apart from those controlling the teat. Elastic fibres are very sparsely distributed in the lobules, except a t the periphery of the gland beneath the skin, and thus elastic recoil would play an insignificant part in variations of milk-pressure. If we attem pt to link up the experimental evidence concerning Tet-down' with what is known of the histology of the udder it will be seen th at more information is required firstly in respect to the nerve supply. In the cow, and presumably in the goat, nerve fibres reach the udder through the ilio-inguinal, the posterior inguinal and ilio-hypogastric nerves. As far as nerve endings are concerned, the early work of Arnstein (1895), who used methylene blue, suggested th at fibres of unknown origin terminated in most of the tissues of the organ, including the myoepithelium and the secretory epithelium. There is no physiological evidence th at the actual secretion of milk is under nervous control. Further investigation of the efferent innervation of the mamma must be undertaken. Secondly, it would be desirable to know the exact course of blood circulation through the udder in case vascular responses play some role during Tet-down', or undergo modification when the isolated organ is perfused.
The work of Petersen and his colleagues indicates th at 'let-down' is probably independent of nervous activity on the efferent side, but it leaves in doubt the full significance of the quite considerable efferent innervation of the udder, and fails to explain the function of the smooth muscle bundles scattered between the lobules. Ely & Petersen (1941) showed th at 'let-down' could be evoked normally in a cow with one side of its udder denervated by cutting the ilio-inguinal and posterior inguinal nerves, but leaving the ilio-hypogastric nerve intact. Thus, on the assump-tion that the last nerve carried only afferent impulses from the skin, they claimed to be dealing with a denervated gland in which the responses of the contractile tissue were normal. Fright, or intra-jugular injection of adrenaline inhibited 'let down' equally on the innervated and denervated sides. Intravenous injection of pitocin or pitressin caused the denervated gland to be more completely drained than was the case with a normal milking. I t was further shown by Petersen & Ludwick (1942) th at the isolated udder, perfused with blood a t a constant pressure, gave responses resembling ' let-down ' when the blood was taken from another cow in which 'let-down' had been induced a t the time of bleeding. No detailed work is recorded on the influence of variations in blood flow on milk-pressure, and it would seem essential first to establish th at the circulation in an isolated perfused organ goes the same way as in the intact animal. We do not know, for instance, whether alternative vascular channels or shunts exist in the udder. tried the addition of various drugs and hormones to the perfusing fluid and showed th at pitocin gave complete milk ejection from the isolated gland, a t the same time reducing the blood flow by 8 to 20 %. Acetylcholine produced a complete response without affecting the blood flow. Partial ejection was obtained with substances like adrenaline and histamine which decreased the blood flow-by 50 to 100 %. These experiments suggest that, if myoepithelium is to be regarded as a contractile tissue, its pharmacological responses are not the same in all the glands of the body which we have been considering.
The present work brings into clearer focus the outstanding abundance of myo epithelium in the mammary gland, and shows th a t its orientation is everywhere consistent with its functioning as a contractile tissue expressing milk from the alveoli and ducts. The changes in these cells, which seem to indicate th at contraction does take place, are based on visual impression rather than direct measurement, because it seemed impossible to choose alveoli of comparable size and dimensions from separate distended and contracted glands. If one cannot do this, then there is no guarantee that the myoepithelial cells one measures will be comparable. They grow longer during pregnancy on the larger alveoli, and remain short and branched on the smaller ones. I t is also difficult to be certain th at the silver impregnation outlines each cell completely. Few cells can be traced throughout their entire length as they curve around the alveoli even in thick sections. Nevertheless the form and position of the myoepithelium in relation to the folds of contracted alveoli seem to provide as good a proof of contractile function as can be obtained from purely structural investigation. The final confirmation by direct observation of the living gland must await improvements in the methods for observing living tissues under high magnification in the intact organism.
The literature on myoepithelium in the mammary gland consists of numerous short papers which describe the appearances of these cells in thin sections. They were regarded as contractile cells similar to smooth muscle fibres by most early authors, and particularly when Bertkau (1907) , using Benda's crystal violet stain for myofibrils in smooth muscle, showed that a more or less specific staining of myoepithelium could be obtained in human and dog lactating glands. This technique has fallen into disuse, being unsuitable for routine paraffin, or thick sections. Jt is unnecessary to review the early literature quoted by such authors as Lenfers (1907) , Retterer & Lelievre (1911) , Turner (1939) and others, because it is concerned largely with affirming the existence of a tissue which, being ectodermal in origin, was an outstanding anomaly in histogenesis. The following points seem, however, worth considering. As far as one can detect, the myoepithelium of the normal lactating gland is a discrete tissue, differentiated in form and location from smooth muscle. No areas in the present material have been found in which a transition or blending of the two cell-types occurs. Swanson & Turner (1941) , studying sections stained with Van Gieson's picro-acid-fuchsin, have confirmed the existence of riiyoepithelium in the udder of the cow, but they vary their terminology, as indeed the title of their paper indicates, to give the impression th at the term smooth muscle will suffice to describe the identity of all the contractile tissue in the gland. This is unjustified a t present on the basis of our physiological knowledge of the lactating gland. I t must be remembered th at true smooth muscle is present in the virgin udder a t m aturity, if not a t an earlier post-natal or even foetal stage, whereas in immature or non-pregnant animals the myoepithelium is confined to the walls of the ducts. Turner (1931) , in tracing the development of the cow udder, has emphasized th a t the stroma is mapped out in the foetus into lobular areas of adipose tissue. The same is true for the goat (Turner & Gomez 1936) . These authors suggest th at the mammary ducts ramify in this fatty tissue during pregnancy and thus the original inter-lobular septa are retained as the boundaries of the glandular lobules. I t is in these septa th a t the major blood vessels are already organized, and smooth muscle has been differentiated ahead of the glandular tissue. Whether extra smooth muscle is developed during pregnancy is still uncertain. In any case it is not found intra-lobularly. The silver-stained sections suggest th at the smooth muscle bundles between the lobules have some function closely related to the blood vessels, rather than to compression of the lobules. Do these long bundles hold the lobules apart during the distension phase of secretion, and so minimize pressure on the veins and smaller vessels? I t would be worth while including some reconstructions of the distribution of smooth muscle in studies on the exact pattern of the blood vessels in the lactating gland.
Myoepithelium has also been extensively studied in relation to the hyperplasias and mixed tumours of the mamma (Peyron, Corsy & Surmont 1926; Kuzma 1943; Biggs 1947) , together with the mixed tumours arising in sweat, salivary (Sheldon 1941 (Sheldon , 1943 ) and lachrymal glands. Such studies are, of course, pursued with an eye on the structural transformations and growth behaviour of myoepithelium as benign or malignant cells, rather than on explanation of their function in the normal gland. I t is common to find, therefore, th a t the pale staining cells on the outer surface of the mammary duct epithelium in general are called myoepithelium, irrespective of whether they are elongated like the cells we recognize in the fully developed gland. Elongated myoepithelial cells are present on the ducts of the nipple and inter-lobular areas of the resting gland, but the distribution of similar fully differentiated cells over the rest of the duct system, which is awaiting pro liferation a t pregnancy, is less clearly known for individual species. I t is probable th at the parts of the duct system which persist unchanged from the resting phase do not develop fresh myoepithelium; the parts which will grow extensively to form lobules develop the elongated cells as they go.
A recent paper by Dempsey, Bunting & Wislocki (1947) makes clear the need for a careful distinction between fully differentiated myoepithelial cells and the im mature outer duct epithelium. These authors claim th a t the latter epithelium in the resting phase gives a strong reaction for the presence of alkaline phosphatase. They attempted to follow the cells with high phosphatase content through material from rats representing the growth phases of pregnancy up to full lactation. I t is quite clear, however, from the illustrations and description of these authors th at the phosphatase staining is spread over a broad zone of cells in the resting ducts and cannot be confined exclusively to the myoepithelium if we use this term to mean the cells similar to those found in sweat glands and the lobules of the lactating mamma. Dempsey et al. (1947) found it impossible to trace the phosphatase as persisting in the differentiated myoepithelium of the fully developed alveoli and finer ducts. This is not surprising in view of the poor fixation obtained with 80 % alcohol or acetone followed by paraffin imbedding. In transverse or oblique section the myoepithelial cells are far too small to be outlined sharply after indifferent fixation. These authors also comment on the presence of birefringent myofibrils in the myoepithelium of the human mamma, whereas they failed to find these fibrils in ra t material. This again must depend to a certain extent upon the size of the cells and the quality of fixation. I t is difficult to agree with their conclusions th at in the rat the myoepithelial cells are unlikely to be contractile because they do not contain myofibrils when stained with phosphotungstic-haematoxylin, and th a t additional cells around the ducts, which do contain fibrils, may represent separate and distinct smooth muscle elements. Surely there is confusion on this issue between cells in various stages of differentiation. The theory suggested by these authors th at myoepithelial cells may 'serve as transm itters of material from one place to another in a function analagous to th a t of a booster pump or a relay' is not so attractive, in the present state of our knowledge, as the assumption th a t these cells contract in response to the presence of oxytocin. Further work must be done under controlled experimental conditions in localizing phosphatase in the lactating gland. Folley & Greenbaum (1947) , studying mammary gland phosphatase levels in the rat during pregnancy and lactation, suggest th a t the enzyme may be concerned with synthesis of nucleoproteins during the growth phase and possibly with casein synthesis and the capture of blood sugar molecules during lactation. In view of the known role of alkaline phosphatase in ossification it would seem worth while to study the concentration and localization of the enzyme in the resting ducts of the dog mammary gland in which hyperplasia of the myoepithelium, and the formation of mixed tumours containing cartilage or bone, is not uncommon. The myoepithelial cell in thin sections of Zenker-formol fixed goat mamma, stained with iron haematoxylin and orange-G-erythrosin. F igure 2. The processes of myoepithelial cells cut transversely appear as small oval or triangular bodies X indenting the basal epithelial membrane. In the centre, between two capillaries, an extension e of the secretory cell cytoplasm appears to be pinched between two myoepithelial processes.
F igure 3. Occasionally a tangential section through an alveolar wall is at just the right level to cut the central area of a myoepithelial cell m ; together with the darker stained secretory epithelium s.
Plate 2
The general appearance of silver-impregnated, thick sections.
F igure 4. Part of a lobule from a gland fixed during distension, cut at 75/t. The silver stains the myoepithelium and the nuclei of the alveolar epithelium, giving a general impression of the concentration of myoepithelium in the lactating gland.
F igure 5. Some alveoli, commonly found at the periphery of a lobule, grow very large. The myoepithelium is correspondingly stretched up to 200/* in length. The small round nuclei belong to the secretory epithelium. . An arteriole passing across the surface of an alveolus shows smooth muscle fibres stained with silver to about the same intensity as the myoepithelium. There is some connective tissue staining in the background.
F igure 8. The margin of a lobule and an interlobular septum in which smooth muscle bundles X , coursing obliquely to the plane of section, are strongly impregnated in contrast to the connective tissue.
Plate 3
Further details from silver-impregnated sections. 
Plate 4
The comparison between distended and contracted glands. F igure 18. Myoepithelium on contracted alveoli (cf. figure 16 ; both figures 16 and 18 at the same magnification).
